ABSTRACT
INTRODUCTION
Eurycoma longifolia Jack, also known as Tongkat Ali is considered one of the most promising herb species in South East Asia due to its medicinal properties. This plant is also one of the priority herbs identified by Government of Malaysia in National Key Economic Areas (NKEAs) proprietary list and the Malaysian herbal market turnover is estimated to be around USD 2.5 Billion in 2007 (Radhakrishnan & Safinar 2015) . In view of its commercial value, many scientific studies have been carried out for its propagation (Keng et al. 2002) and its biological activity such as antioxidant (Varghese et al. 2013) , antiinflammatory (Varghese et al. 2013) , anti-proliferative (Wong et al. 2012) , anti-malaria (Basir et al. 2012) , antitoxoplasma (Kavitha et al. 2012 ), anti-tumor (Al-Salahi et al. 2014 , hepatoprotective activity (Panjaitan et al. 2013) , cytotoxic activity (Hajjouli et al. 2014; Kuo et al. 2004; Li et al. 2013; Zakaria et al. 2009 ) and adaptogenic properties (Talbott et al. 2013) . Other than that, seed and somatic embryos histology (Balakrishnan et al. 2014; Danial et al. 2011 ) and secondary metabolites (Chua et al. 2011; Keng et al. 2010; Khari et al. 2014 ) of this plant had been published.
Despite its commercial value, conventional propagation of this plant is constrained due to its low rate of seed production and germination, seasonal flowering pattern, loss of genetic diversity, local extinctions and habitat degradation (Balakrishnan et al. 2014; Canter et al. 2005; Hussein et al. 2005) . In addition, excessive harvesting; via obtaining the active compounds from the roots to fulfill the increasing demand for pharmaceutical, herbal and its by-products would lead to serious shortage of this plant in the wild. This serious shortage also may result from over-exploitation by medicinal plant collectors without proper conservative action taken (Ling et al. 2010) .
Generally, in most woody plants, the selection of the elite plants is possible at the adult phases where they show their phenotypic characteristics. However, cloning the adult plants is not simple and sometimes only possible at certain young stages (Hernández et al. 2011) . Thus, somatic embryogenesis is studied to allow the production of uniform and genetically identical plants to the elite mother clones. Micropropagation technique on semi solid medium have been used for many in vitro cultures, however, the usage of liquid medium for somatic embryogenesis and plantlet establishment could reduce production costs and allow the automation of cultures (Jimenez et al. 1999) . Besides that, liquid culture also offers more uniform culture conditions, reduced space and usage of large containers (Jimenez et al. 1999) . However, one of the drawbacks of the liquid culture is hyperhydricity, that may resulted from the continuous exposure to the liquid media (Etienne & Berthouly 2002) .
Temporary immersion system (TIS) is one of the innovative, automated system that allow adequate mixing of culture nutrients and avoid continuous immersion which providing better aeration to the explants (Etienne & Berthouly 2002) . The advantages of this system are well established and defined in many research papers (Etienne & Berthouly 2002; Roels et al. 2005 ) such as improves traditional procedure, overcoming hyperhydricity, allow partial automation of cultures, allows uniform contact between explants and culture medium and reduce the production cost. The RITA ® system that introduced by Teisson and Alvard (1999) had been used for the multiplication of somatic embryos of Coffea arabica (Albarran et al. 2005) and shoot multiplication in Quercus alba (Pérez et al. 2013) .
Propagation via in vitro studies of E. longifolia have been achieved previously through indirect somatic embryogenesis (Hussein et al. 2005 ) and axillary shoot multiplication (Hassan et al. 2012) , however, there are limited reports on the usage of RITA ® as the alternative methods for the mass propagation of E. longifolia in vitro. Thus, the aim of this study was to evaluate the efficiency of RITA ® for secondary somatic embryogenesis, focusing on the effects of duration immersion time and immersion frequencies on the multiplication of secondary embryogenesis and comparison to the semi solid medium.
MATERIALS AND METHODS

PLANT MATERIALS AND DIRECT SOMATIC EMBRYOGENESIS INDUCTION
E. longifolia seeds in a bunch consisting more than 100 seeds were chosen as our initial explants as shown in Figure 1 (a). Seeds of E. longifolia were collected from the herbal garden in the Museum of Terengganu from early July to September 2014 during the period of fruit development ( Figure 1(b) ). Seeds were surface-sterilized by using Teepol and rinsed with distilled water before transferred into laminar air flow. Then, the seeds were sterilized with 70% ethanol for one min before immersing them for another 20 min in 20% Clorox ® containing two drops of Tween 20, followed by three rinses in sterile distilled water. The seeds were cut vertically into two parts, showing two lobes of cotyledons (Figure 1(c) ). The immature zygotic embryos were removed and the cotyledons were excised horizontally into three parts and cultured under sterile conditions (Figure 1(d) and 1(e) ).
Direct somatic embryogenesis induction was performed according to Zawawi et al. (2015) : Isolated cotyledon explants were cultured on modified Murashige and Skoog medium (Murashige & Skoog 1962) containing 3% (w/v) sucrose, solidified with 2.5% (w/v) phytagel (Duchefa) and supplemented with 0.2 mg/L IBA (Duchefa). Culture media were adjusted to pH5.7 ± 0.1 and sterilized for 15 min under the pressure of 1 kg cm -2 at 121°C. About 0.1 mg/L Zeatin (Duchefa) and 0.12 mg/L TDZ (Duchefa) were filter sterilized (0.22 μm) before added to the sterile medium. About 20 mL of culture medium was poured into each petri dish (8 cm in diameter). All cultures were maintained in a walk-in growth chamber under complete darkness at 25 ± 2°C for two months. The six weeks old globular somatic embryos (Figure 1(f) ) were carefully detached from the cotyledons explants and proceed for the secondary embryogenesis experiment.
TEMPORARY IMMERSION SYSTEM (TIS) AND CULTURE CONDITIONS
Temporary immersion systems were used after the somatic embryogenesis induction phase. They were applied in RITA ® bioreactors (15 × 13 cm, 1L volume) with 150 mL of liquid medium. RITA ® bioreactors composed of two separate parts, the upper part is for the somatic embryos material and the lower part is for the liquid modified MS medium. The systems were controlled by a timer set which had been regulated according to the immersion time or immersion frequencies. The effects of semi solid medium using petri dish and liquid medium by RITA ® bioreactors on secondary somatic embryogenesis were compared.
Four periods of immersion time (1, 5, 10 and 15 min every 4 h) were evaluated for the efficiency in somatic embryos multiplication. Following the determination of the optimum immersion time, the effects of different immersion frequencies (5 min immersion every 2, 4 and 8 h) were studied after one month of culture incubation. For both experiments, 15 uniform-sized globularstage somatic embryos were employed for semi solid experiment and for RITA ® bioreactors. The culture media used in this secondary embryogenesis experiment was Modified MS media supplemented with 0.2 mg/L IBA, 0.1 mg/L Zeatin, 0.12 mg/L TDZ and 0.1 g/L activated charcoal (AC). All experiments were carried out in 4 replicates.
STATISTICAL ANALYSIS
The experiments were set up in a completely randomized design with four replicates for each treatment and each replicate had fifteen explants. The experiments were repeated twice. After one month of culture incubation, numbers of secondary somatic embryos were counted for both semi solid medium (control) and in RITA ® . Data were analyzed using statistical program SPSS (SPSS Inc., USA) version 17. Differences between treatments were contrasted by one-way analysis of variance (ANOVA). While, post hoc multiple comparisons were carried out using Tukey test at a significant level of p˂0.05.
RESULTS AND DISCUSSION
In vitro plant production through shoot multiplication (Gatica-Arias & Weber 2013; Pérez et al. 2013; Wilken et al. 2014 ) and somatic embryogenesis multiplication (Albarran et al. 2005; Etienne & Berthouly 2002; Niemenak et al. 2008 ) by using RITA ® have been well documented. According to Paek et al. (2005) , liquid culture has been used to facilitate plantlets and multiplication of somatic embryos of Panax ginseng, however, it had been reported lead to other problems to the explants such as asphyxia (Watt 2012) , hyperhydricity (Albarran et al. 2005; Niemenak et al. 2008; Teisson & Alvard 1999) and vitrification (Teisson & Alvard 1999) .
Thus, bioreactor especially RITA ® is one of the alternative strategy that had been employed to tackle the problems arise. It allows gentle ventilation of the air in the bioreactor, resulting the sufficient mixing and uniform sequential changing of culture liquid medium (Albarran et al. 2005; Etienne & Berthouly 2002; Pérez et al. 2013; Teisson & Alvard 1999) . There was also no shoot tip necrosis (STN) symptom observed from the shoots sprouted in RITA ® as compared to semi solid MS medium in pistachio micropropagation (Akdemir et al. 2014) .
Parameters such as duration of immersion time (Akdemir et al. 2014) , immersion frequency (Akdemir et al. 2014; Mallón et al. 2011; Pérez et al. 2013; Polzin et al. 2014) , inoculum density (Pérez et al. 2013; Polzin et al. 2014) , inoculum type (Pérez et al. 2013 ) and volume of the container (Teisson & Alvard 1999) also been studied previously by various researcher. For this paper, different periods of immersion time were tested both in RITA ® and on semi solid medium. In this experiment, one-way analysis of variance (ANOVA) showed that 5 min immersion time for every 4 h in RITA ® was found to give the highest (69.6 ± 9.7) multiplication of secondary somatic embryos of E. longifolia significantly. While, longer periods of immersion time, 10 and 15 min for every 4 h, did not increase number of secondary somatic embryos multiplication which were 40.6 ± 3.5 and 38.3 ± 1.2, respectively (Figure 2) .
Moreover, 1 min immersion every 4 h gave the lowest multiplication of secondary somatic embryos of E. longifolia (22.3 ± 1.4) as compared to other treatments tested (Figure 2 ). This might be due to short duration time in immersing the somatic embryo explants. However, this finding was found in contrast with a study carried out by Pérez et al. (2013) . Perez et al. (2013) has found that 1 min immersion time for every 4 and 6 h have significantly increased the fresh weight of the cork oak, Quercus alba somatic embryogenesis proliferation. Another study by Niemenak et al. (2008) on Theobroma cacao has found out that 1 min immersion time for every 6 h per day managed to increase production of somatic embryos up to 13 -fold after three months of culture incubation. He is also stated that conversions of somatic embryos into torpedo shaped forms were also observed. Teisson and Alvard (1999) also stated that higher frequency of short immersions time was found to stimulate embryo production. These studies showed that each species need their own optimum condition and need to be studied separately as suggested by Akdemir et al. (2014) .
Based on our findings, secondary somatic embryos in semi solid medium have small number of multiplication (26.6 ± 7.2) as compared to the explants immersed in RITA ® bioreactor (Figure 2 ). Guan and De Klerk (2000) FIGURE 2. Effect of different immersion times on temporary immersion system RITA ® and semi solid medium on secondary somatic embryogenesis of E. longifolia after one month of culture incubation FIGURE 3. Effect of different immersion frequencies on temporary immersion system RITA ® and semi solid medium on secondary somatic embryogenesis of E. longifolia after one month of culture incubation reported that in semi solid medium, shoots explants absorb nutrients through their cut end and nutrients are transferred by water flows in xylem and phloem and not through stomata. Nutrients from the medium components translocate better in a liquid medium since it went through stomata and aqueous pores (Schönherr 2006 ). This will be taken up better by plants when undergo shorter distanced growing regions as stated by De Klerk and Ter Brugge (2011) . This theory would suggest that RITA ® bioreactor system managed to promote higher explants proliferation as compared to the semi solid medium.
Next, for the second experiment, about 60 primary somatic embryos were used to study the effect of different immersion frequencies (2, 4, and 8 h) by using RITA ® bioreactor. For immersion time, 5 min immersion time was used in this experiment since it was identified as the most efficient immersion time during the first part of the experiment. The result from the experiment conducted showed no significant difference after further optimizations were carried out (Figure 3) . From this experiment, 5 min immersion time for every 8 h showed the highest number of secondary somatic embryos multiplication (87.3 ± 17.0) as compared to the other frequencies tested (Figure 3 ). Vitrified shoots were also found reduced in conjunct to the increased frequency hour from 8 to 16 h in the RITA ® bioreactor system as supported by Akdemir et al. (2014) .
CONCLUSION
The findings from the present study demonstrated that RITA ® could be used to increase multiplication of secondary somatic embryos of E. longifolia as compared to semi solid medium. The result obtained showed that 5 min immersion time every 8 h gave the highest number (87.3 ± 17.0) of secondary somatic embryos of E. longifolia compared to other treatments tested. However, other parameters such as culture type and initial amount of inoculum can also be studied using RITA ® in order to optimize multiplication of secondary embryogenesis of E. longifolia in vitro.
